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Beach’ CA (Us) (57) ABSTRACT 

Correspondence Address; An improved, modular convection/impingement oven 
GANZ LAW, RC, assembly for continuously cooking food. In certain embodi 
P O BOX 2200 ments, the assembly comprises at least one non-recirculating 
HILLSBORO, OR 97123 (Us) impingement oven unit and at least one additional oven unit, 

arranged as a series, in any sequence. A ?rst oven has an 
(21) Appl' NO‘: 11/148’669 elongated chamber, a conveyer system, hot-air impingement 
(22) Filed: Jun 8, 2005 units, and an exhaust vent at the discharge end. Preferably, 

it has surface-treatment bumers for browning, a brander for 
Related US, Application Data grill marks, and/or steam noZZles for introducing heat and 

moisture. Cooking vapors pass the entire length of the unit. 
(60) Provisional application NO~ 60/647,690’ ?led on Jan- Each subsequent oven may be similar to the ?rst oven (often 

26> 2005 ' omitting the surface-treatment burners and brander) with its 

Publication Classi?cation own vent. Each subsequent oven may cookby ?ame, air, or 
steam, in any combmat1on. Each oven unit 1s independently 

(51) Int_ CL controllable for cooking parameters and cooking methods. 
F2 73 9/06 (200601) An air gap may be provided between each pair of oven units 
F2 7D 11/00 (2006.01) to decouple air?ow between units. 
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MODULAR COOKING OVEN AND RELATED 
METHODS 

RELATED APPLICATIONS 

[0001] This application claims priority from US. Provi 
sional Application Ser. No. 60/647,690, ?led Jan. 26, 2005, 
titled “Modular Cooking Oven and Related Methods,” the 
contents of Which are hereby incorporated by reference as if 
recited in full herein for all purposes. 

BACKGROUND OF THE INVENTION 

[0002] The ?eld of the invention is cooking ovens. More 
particularly, the invention relates to continuous-cooking 
ovens of the type used to commercially bake, broil, steam, 
or otherWise cook meats, baked goods, and other foods. 

[0003] Many patents have been granted on continuous 
cooking ovens. A knoWn type of such ovens, a brander 
heated oven, includes a branding unit, an elongate cooking 
chamber, a conveyor belt running through the chamber, and 
possibly steam noZZles. Brander-heated ovens aim heat from 
the branding unit into the product-feed end of the chamber, 
and this heat is the only cooking heat source for the entire 
oven system. The steam noZZles, if used, introduce steam 
into the chamber to provide humidity to the foodstuff to help 
achieve a higher yield. System heat is not recirculated but is 
instead vented at the product-discharge end of the oven. 
Because such ovens rely on a front-end brander as the sole 
heat source, such ovens experience great di?iculty regulat 
ing temperature. Also, such ovens are single-unit ovens. 

[0004] Another knoWn type of continuous-cooking oven 
uses one or more burners, directed into the cooking chamber 
from the feed end, as the sole heat source. The general 
con?guration and operation of such ovens is similar to that 
of a brander-heated oven, substituting the burners for the 
brander. Such ovens cook by direct ?ame, radiant heat, and 
hot air from the ?ame. Such ovens do not propel heated air 
through a bloWer into the oven chamber via noZZles directed 
at the food, referred to as hot-air impingement. Also, such 
ovens are single-unit ovens. 

[0005] Another knoWn type of oven cooks by hot-air 
impingement combined With a provision to recirculate 
vapors. Such ovens typically collect vapors at the discharge 
end, direct the vapors through a bloWer and burner, and then 
reintroduce the reheated vapors to the cooking chamber at 
the feed end or thereabouts. (While the mass of air in the 
oven is largely recirculated, incidental venting of some 
vapors may occur at the feed and discharge ends.) Such 
ovens may be either single units or multiple units arranged 
in series. Such oven assemblies are not believed to have 
included a front-end brander or burner as an integral part of 
the oven assembly. Smoke and other ?avor-enriching vapors 
consequently do not travel the length of the cooking cham 
ber of any oven unit to impart ?avor by prolonged contact 
With the food. 

[0006] Another knoWn type of oven cooks by hot-air 
impingement in combination With feed-end burners, brand 
ers, or both, Without recirculation of vapors. This type of 
oven Was disclosed US. Pat. No. 5,786,566, titled “Con 
vection/Impingement Oven For Continuously Cooking 
Food,” the disclosure of Which is hereby incorporated by 
reference in its entirety. 
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[0007] The general features of the type of oven disclosed 
in the ’566 patent comprise an enclosed, elongated cooking 
chamber, a moving belt to support the food product and 
carry it through the chamber, and a series of hot-air impinge 
ment units located along the length of the chamber above 
and beloW the belt. Typically, a surface-treatment section at 
the feed end has upper and loWer burners that apply direct 
?ame to the food product, thereby heating it, sealing it, 
searing it, broWning it, and generally creating a desirable 
?avor and appearance. A rotating brander heated by the 
burners may apply appealing grill marks to the upper surface 
of the food (and the belt may apply similar marks to its loWer 
surface). A series of steam noZZles may be located along the 
length of the chamber to supply Water or steam to control 
humidity Within the chamber, reduce product shrinkage, and 
supply moist heat for cooking. 

[0008] In contrast to prior-art recirculating ovens that 
reuse oven air, the oven system of the ’566 patent does not 
reuse cooking vapors. Instead, vapors pass the entire length 
of the chamber before being exhausted through a vent at the 
discharge end. Unlike recirculating ovens, ovens of the type 
discussed rely on an external air source to supply the air to 
be heated and bloWn through the impingement units to cook 
the food. 

[0009] Continuous-cooking ovens of the type disclosed in 
the ’566 patent offer very good throughput and very good 
control over cooking parameters such as temperature, mois 
ture, and belt speed. Such ovens cook food by any combi 
nation of ?ve methods4direct ?ame from the burners, 
surface cooking from the brander and belt, hot air from the 
impingement units, steam from the injectors, and convection 
from the lengthWise air?oWimaking them versatile. Such 
ovens may offer independent control above, beloW, and 
along the belt for ?ame, grill marking, hot air impingement, 
and steam injection, alloWing distinct treatments for the 
upper and loWer food surfaces. For example, the surface 
treatment section typically has distinct, separately adjustable 
burners above and beloW the belt, so that ?ame intensity and 
burner angle may be controlled separately for each food 
surface. For another example, the upper and loWer impinge 
ment units typically have separately controllable noZZles, so 
that hot air bloWn from above the food may differ in air 
pressure from that bloWn from beloW. 

[0010] An installed oven is often part of a larger food 
processing operation in Which a stream of food product 
?oWs through the oven on the Way to packaging and 
shipping. The throughput capacity of an oven is one of its 
most important practical properties. Capacity governs hoW 
an oven ?ts in With adjacent equipment and in?uences the 
throughput of the entire food-processing operation. The 
economics of commercial cooking often favor large-scale 
operations, creating an ever-present demand for higher 
capacity ovens to support higher production rates. The 
requirements of the food product usually constrain cooking 
time and temperature, so increasing the capacity of an oven 
usually dictates increasing its length. For example, suppose 
a chicken requires one square foot of belt space and one hour 
to cook. An oven With a three-foot by ten-foot belt cooks 
thirty chickens per hour, While an oven With a three-foot by 
tWenty-foot belt cooks sixty chickens per hour. For continu 
ous-belt ovens, such as the continuous-belt oven generally 
disclosed in the ’566 patent, a higher-capacity oven is 
generally a longer oven. 



US 2006/0163238 A1 

[0011] As oven systems such as that generally disclosed in 
the ’566 patent get longer, however, air?ow within the oven 
can become problematic. The surface-treatment burners, 
impingement units, and steam noZZles constantly add hot air 
and steam to the cooking chamber. To maintain temperature 
through the length of the chamber, a longer chamber requires 
a larger volume of hot air, steam, or both. A longer chamber 
therefore has a larger volume of vapor, smoke, steam, and 
hot air to be exhausted at the discharge end. As the oven 
becomes longer, it becomes more di?icult to pull air from 
the feed end to the discharge end. This di?iculty becomes 
more pronounced in ovens longer than about 45 feet. A test 
of a 70-foot oven, for example, developing an exhaust of 
about 7,000 cubic feet per minute (CFM), actually lifted 
meat patties off the belt, through the exhaust ducting, and 
onto the factory roof. As this extreme example makes clear, 
air?ow sometimes imposes a limitation on oven length and 
capacity. 

[0012] A second issue, a?fecting ovens of any length, is the 
control of cooking parameters such as temperature along the 
length of the oven. Ovens of the type disclosed in the ’566 
patent generally have a temperature gradient running the 
length of the oven rather than a single ?xed temperature over 
the entire length. At the feed end, near the surface-treatment 
burners, the oven may attain more than 1,5000 Fahrenheit. 
At 45 feet, despite the ongoing addition of hot air and steam, 
the temperature may have fallen to about 4000 F.; and at 70 
feet, to about 2000 F. This temperature gradient is partly the 
result of the air?ow and exhaust issue just mentioned, since 
increasing temperature toward the discharge end requires 
increasing the amount of hot air and steam added along the 
chamber and exhausted at its end. 

[0013] One result of the temperature gradient is restricted 
throughput capacity, since low temperatures toward the 
discharge end may force a slower conveyor rate (belt speed). 
Another result is reduced product yield, since a longer 
cooking time within the oven may increase the amount of 
fat, water, and other juices rendered from the food and 
therefore may reduce its cooked weight. 

[0014] Yet another result is reduced control and versatility. 
High-heat transitioning to low-heat is an excellent cooking 
pro?le for many food products. That said, ovens of the type 
discussed have not permitted independent Zonal control over 
temperature and other cooking parameters. Because the 
oven has a single, continuous cooking chamber, conditions 
in one region a?‘ect those of adjacent regions. Increasing the 
output of the surface-treatment burners to increase brown 
ing, for example, increases temperature at the feed endibut 
also increases subsequent temperatures, since heat from the 
burners travels the length of the oven. The continuous 
chamber limits the ability to control regions of the oven 
independently. 

[0015] What is needed is a continuous-cooking convec 
tion/impingement oven that is scalable to higher-capacity 
and higher yield con?gurations and that offers Zonal control 
over temperature and other cooking parameters. Ideally, the 
oven would be extensible to almost any length and capacity. 
Ideally, it would allow true, independent control over cook 
ing conditions in a series of distinct regions arranged along 
the length of the oven, allowing exact tuning of processing 
conditions down the length of the belt. 
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SUMMARY OF THE INVENTION 

[0016] In certain aspects, the present invention is a modu 
lar convection/ impingement oven assembly for continuously 
cooking food. The oven assembly comprises at least one 
non-recirculating impingement oven (NRIO) unit and at 
least one additional oven unit (AOU). An NRIO is a con 
tinuous-conveyor, non-recirculating impingement oven unit. 
An NRIO comprises an elongated cooking chamber, a 
conveyor system such as a conveyor belt to carry food, a 
series of hot-air impingement units above and/or below the 
belt to heat the food, and a cooking vapor vent disposed at 
about the product-discharge end, as generally disclosed in 
the ’566 patent. Preferably, an NRIO has a surface-treatment 
section comprising at least one burner, at least one brander, 
or both. Surface-treatment burners, if present, apply ?ame to 
the food product to produce desirable color e?fects (brown 
ing) and ?avor e?fects (locking in natural juices, generating 
smoke ?avors, and so on). Surface-treatment branders, if 
present, apply grill marks to the upper surface of the food, 
the lower surface of the food, or both. The belt may apply 
similar marks to the lower surface of the food. An NRIO 
may further comprise an independently controllable steam 
delivery system to introduce moisture and heat during 
cooking. 

[0017] Cooking vapors, including smoke and other ?avor 
components, pass substantially the entire length of an NRIO 
before being exhausted through a cooking vapor vent at its 
discharge end or thereabout. Because the primary cooking 
vapors are not recirculated, air for the heaters and blowers 
that supply the impingement units is drawn from a source 
outside the oven. An NRIO may be built from subsystems 
according to the ’566 patent, so a modular oven assembly 
according to the present invention preserves the ?avor 
development capabilities of a single-chamber oven, such as, 
those associated with smoke and vapors generated by the 
surface-treatment burners and ?avoring the food by contact 
over the length of the oven. 

[0018] An AOU is an additional, independent cooking or 
processing unit “upstream” or “downstream” from an NRIO 
and operatively coupled to it to provide continuous food 
processing conditions or a transition from one set of condi 
tions to another set of conditions. The oven assembly may 
comprise an NRIO followed by any number of AOUs 
arranged in series. In an embodiment, an AOU is an oven of 
the general type disclosed in the ’566 patent. In certain 
embodiments, an AOU is an impingement oven, a steam 
oven, or a combined impingement-steam oven. In other 
embodiments, an AOU is a piece of oven-related equipment 
adapted to modify the ?avor or appearance of the food 
product. In installations with multiple AOUs, each AOU 
may differ in purpose and function. 

[0019] For simplicity and clarity, the present invention is 
usually described herein as a series of two or more oven 
units with an NRIO located in the ?rst position, so that the 
discharge end of the NRIO abuts the feed end of the adjacent 
AOU. An NRIO may appear elsewhere in a series of oven 
units, however. For example, an NRIO may occupy the last 
position, with one or more AOUs upstream from the NRIO 
and none downstream. Similarly, an NRIO may occupy an 
intermediate position in the series, with at least one AOU 
preceding the NRIO and at least one following the NRIO. 
And an oven assembly may include multiple NRIOs. 
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[0020] In certain embodiments, each NRIO and AOU 
exhausts cooking vapors separately. Providing separate 
exhaust vents keeps exhaust volume from each oven unit 
Within levels (typically, beloW about 4,000 CFM) knoWn to 
be practical for a Wide range of food products. Problems 
caused by excessive air?ow, sometimes found to occur on 
conventional ovens longer than about 45 feet, therefore no 
longer limit the length of the oven assembly. An NRIO or 
AOU may be folloWed by an AOU or NRIO, Which may be 
folloWed by another AOU or NRIO, and so on, to create a 
series of inde?nite length. The modular oven assembly 
according to the present invention bene?cially may have a 
higher intrinsic capacity than previous non-modular ovens. 
And the capacity of a given oven assembly may be changed 
at any time, even after the original installation, by adding or 
deleting oven units. 

[0021] To assure proper air ?oW, in certain embodiments, 
an oven assembly according to the present invention pro 
vides an air gap betWeen each adjacent oven unit, e?‘ectively 
decoupling air ?oW betWeen oven units. 

[0022] Modular construction With a separate surface-treat 
ment section (if present), hot-air-impingement system (if 
present), and steam-delivery system (if present) for each 
oven unit creates an independent control over cooking 
parameters such as temperature and over cooking methods 
such as hot-air impingement for each oven unit. For 
example, an NRIO has its oWn burner and bloWer to supply 
its impingement units. Adjusting its impingement system 
(and its surface-treatment and steam-delivery systems, if 
present) yields tight control over cooking Within the NRIO. 
Each AOU preferably has its oWn, separately controlled 
?ame, hot air, and steam systems, in any combination, 
thereby yielding tight control over cooking parameters and 
methods in each AOU. A bene?cial result of a modular oven 
assembly is true Zonal control along the length of the 
assembly. Each oven unit is a distinct cooking region, 
separately adjustable from neighboring oven units. 

[0023] As noted in the Background section, conventional, 
single-chamber, non-recirculating ovens have a temperature 
gradient running the length of the oven. For example, a 
single-chamber oven might attain about l,500° F. at the feed 
end and fall to about 200° F. at the discharge end. An oven 
assembly according to the present invention can achieve 
temperature pro?les that differ from this falling gradient. 
Each NRIO or AOU preferably has independent heat sources 
(?ame, hot air, or steam, in any combination). Each NRIO 
or AOU therefore may maintain higher or loWer tempera 
tures than those easily attained at the same “distance” inside 
a conventional oven. For example, a single-chamber oven 
might be 300° F. at about 30 feet from the feed end. An oven 
assembly With anAOU starting at about 30 feet might reheat 
to a higher temperature such as 5000 F. 

[0024] Maintaining a generally higher temperature over 
the entire oven length may improve the capacity of the oven 
assembly by reducing cooking time. Faster processing in 
turn may improve yield by reducing the amount of fat, Water, 
and other juices rendered from food during cooking, thereby 
reducing shrinkage and increasing cooked Weight. The neW 
ability to create non-gradient temperature pro?les also 
improves versatility by alloWing the oven assembly to cook 
a Wider range of food products and achieve a Wider range of 
cooking effects. 
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[0025] Another bene?t of the present invention is the 
ability to control cooking methods independently along the 
length of the oven assembly. For example, the oven assem 
bly may separate steam cooking from hot-air cooking. In a 
single-chamber oven, all hot air and steam introduced any 
Where in the chamber ultimately travels the entire chamber 
length. In an oven assembly With separate cooking vapor 
vents according to the present invention, hot air and steam 
introduced into an NRIO, for example, are exhausted at its 
discharge end and do not affect the adjacent AOU, for 
example. The AOU therefore may employ only hot air, only 
steam, or any combination of hot air and steam, independent 
from its neighbors. This bene?cial aspect of the present 
invention further improves the versatility of the oven assem 
bly. Furthermore, pure-steam cooking is often faster than 
hot-air cooking because steam cooking drives steam through 
the food While hot air heats only the food surface. The option 
for pure-steam cooking in one or more AOUs represents yet 
another gain in yield, capacity, or both. 

[0026] Many NRIO subsystems (and those of some AOU 
embodiments) may be analogous to those disclosed for 
single-chamber ovens by the ’566 patent. For example, 
Within an NRIO, the general construction and arrangement 
of the surface-treatment burners (if present), surface-treat 
ment brander (if present), hot-air impingement units, and 
steam noZZles (if present) may be comparable to that of the 
’566 patent. 

[0027] A difference involves the conveyor system, Which 
is typically a pervious, continuous, moving belt that has an 
upper product-supporting surface called a “food-supporting 
belt” and a return belt portion. In an embodiment, a common 
belt passes through an NRIO or AOU and at least one 
adjacent oven unit. In another embodiment, an oven unit has 
a separate belt not shared With an adjacent oven unit. Oven 
assemblies With multiple oven units may employ both 
approaches, With some adjacent oven units having a com 
mon belt and others having a separate belt. 

[0028] For embodiments With separate belts, the belt of a 
given oven unit may run at different rate from that of a 
neighboring oven unit. For example, shrinkage of food 
during cooking may permit a later belt to run at a sloWer 
conveyor rate, bene?cially tightening the spacing of food 
items on the belt, thereby further increasing the capacity of 
the oven assembly. 

[0029] A second di?‘erence involves exhaust venting. 
Ovens according to the ’566 patent have a cooking vapor 
vent having an inlet positioned adjacent the discharge end of 
the cooking chamber, and that vent comprises the only outlet 
for cooking vapors. Ovens according to the present inven 
tion instead have a cooking vapor vent for each oven unit. 
In some embodiments, a portion of the exhaust or cooking 
vapors is ducted from one oven unit into the next oven unit 
to pass ?avor components, heat, or both from one oven unit 
to the next 

[0030] The foregoing is not intended to be an exhaustive 
list of embodiments and features of the present invention. 
Persons skilled in the art are capable of appreciating other 
embodiments and features from the folloWing detailed 
description in conjunction With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIGS. 1 through 17 shoW representative embodi 
ments according to the principles of the present invention, 



US 2006/0163238 A1 

wherein similar features share common reference numerals. 
Where a non-recirculating impingement oven (NRIO) and 
an additional oven unit (AOU) have analogous features, the 
reference numerals for the AOU typically are offset from 
those of the NRIO by adding one hundred or multiples of 
one hundred. 

[0032] FIG. 1A is a side vieW of a modular oven assembly 
of the present invention, omitting the hood-support struc 
ture; 

[0033] FIG. 1B is a top vieW thereof; 

[0034] FIG. 2A is a side vieW of the NRIO of FIG. 1; 

[0035] FIG. 2B is a top-vieW thereof; 

[0036] FIG. 2C is a discharge-end vieW thereof; 

[0037] FIG. 2D is a feed-end vieW thereof; 

[0038] FIG. 3 is a cross-sectional vieW taken along line 
3-3 of FIG. 2B, but additionally shoWing a belt-cleaning 
loop and tank; 

[0039] FIG. 4A is an enlarged cross-sectional vieW of the 
feed end of the NRIO of FIG. 3 including the surface 
treatment section, a steam noZZle assembly, and a hot-air 
impingement assembly; 

[0040] FIG. 4B is an enlarged vieW taken along line 4B of 
FIG. 4A; 

[0041] FIG. 5 is a cross-sectional vieW taken along line 
5-5 of FIG. 4A; 

[0042] FIG. 6 is an enlarged cross-sectional vieW of the 
discharge end of the NRIO of FIG. 3; 

[0043] FIG. 7 is a cross-sectional end vieW shoWing the 
oven assembly of FIG. 1 With the hood thereof raised, 

[0044] FIG. 8A shoWs a burner and bloWer assembly that 
supplies hot air for cooking; 

[0045] FIG. 8B shoWs a plan vieW of a hot-air impinge 
ment system that supplies the upper and loWer impingement 
noZZles from independent hot-air sources; 

[0046] FIG. 8C shoWs a plan vieW of a hot-air impinge 
ment system that supplies the upper and loWer impingement 
noZZles from a common hot-air source; 

[0047] FIG. 9A is a side vieW of the AOU of FIG. 1A; 

[0048] FIG. 9B is a top vieW thereof; 

[0049] FIG. 9C is discharge-end vieW thereof; 

[0050] FIG. 9D is a feed-end vieW thereof; 

[0051] FIG. 10A shoWs a plan vieW of another embodi 
ment of an AOU that recirculates cooking vapors and cooks 
by impingement only; 

[0052] FIG. 10B shoWs a plan vieW of another embodi 
ment of an AOU that recirculates cooking vapors and cooks 
by steam only; 

[0053] FIG. 11A shoWs a side vieW of an oven assembly 
With an NRIO and AOU having separate conveyor systems; 

[0054] FIG. 11B shoWs a side vieW of an oven assembly 
With an NRIO and AOU having a common conveyor system; 
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[0055] FIG. 12A shoWs a detail vieW of a transition from 
an NRIO to an AOU, each having a separate conveyor 
system, such as that shoWn in FIG. 11A, and also shoWing 
a transfer conveyor belt and a space-e?icient placement for 
a belt-cleaning loop and tank; 

[0056] FIG. 12B shoWs a detail vieW of a transition from 
an NRIO to an AOU in a common conveyor system, such as 
those shoWn in FIG. 11B; 

[0057] FIG. 13A shoWs a plan vieW of an embodiment 
Where an NRIO and AOU have separate control consoles; 

[0058] FIG. 13B shoWs a plan vieW of an embodiment 
Where an NRIO and AOU have a common control console; 

[0059] FIG. 14A is a plan vieW of a control panel of the 
oven assembly of FIG. 1; 

[0060] FIG. 14B is a diagrammatic vieW of the control 
panel of FIG. 14A; 

[0061] FIG. 15 shoWs a side vieW of an oven assembly 
having an NRIO having one exhaust for its cooking vapors 
and an AOU having a separate exhaust for its cooking 
vapors; 

[0062] FIG. 16A shoWs representative temperature and 
air?oW values at various distances along the length of a 
prior-art oven; 

[0063] FIG. 16B shoWs representative temperature and 
air?oW values at various distances along the length of an 
oven assembly according to the present invention; 

[0064] FIG. 17A shoWs the single cooking Zone of a 
prior-art oven, including representative temperature and 
air?oW values; 

[0065] FIG. 17B shoWs the multiple cooking Zones of a 
modular oven assembly according to the present invention, 
in this case comprising an NRIO folloWed by an impinge 
ment-only AOU, including representative temperature and 
air?oW values; and 

[0066] FIG. 17C shoWs multiple cooking Zones in a 
modular oven assembly according to the present invention, 
in this case comprising an NRIO folloWed by a steam-only 
AOU, including representative temperature and air?oW val 
ues. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Modular Oven Assembly 

[0067] Referring to FIGS. 1A through 9D, a modular 
oven assembly 105 according to the present invention com 
prises at least one non-recirculating impingement oven 
(NRIO) 10 and at least one additional oven unit (AOU) 110 
arranged in series to provide for continuous cooking and 
processing of food items. NRIO 10 has a product-feed end 
11 and a product-discharge end 12 With a cooking vapor vent 
83 at or near discharge end 12. AOU 110 similarly has a 
product-feed end 111 and a product-discharge end 112 With 
a cooking vapor vent 183 (if present) at or near discharge 
end 112. Typically, but not necessarily, NRIO 10 abuts AOU 
110 so that its discharge end 12 abuts feed end 111 of the 
adjacent AOU 110. Preferably, an air gap 104 betWeen 
discharge end 12 and feed end 111 may separate NRIO 10 
from AOU 110. Gap 104 advantageously decouples air ?oW 


























